Introduction
AlGaN/GaN high-electron-mobility transistors (HEMTs) have attracted considerable attention for microwave and high voltage applications due to wide band gap and low intrinsic carrier density of GaN and two-dimensional electron gas and high saturation velocity of AlGaN/GaN heterostructure [1] .
The low leakage current through the GaN buffer is important to achieve high breakdown voltage and high power efficiency of AlGaN/GaN devices [2] . Various efforts to improve the isolation characteristics of AlGaN/GaN devices have been reported [3] [4] [5] [6] [7] .
We have proposed the surface treatment, which is the deposition and removal of SiO 2 layer, in order to suppress buffer leakage current. The proposed treatment successfully decreased the buffer leakage current about 4 orders [8] . However, our previous report was focused on the leakage current of buffer region, and the effect of the proposed treatment on AlGaN/GaN devices has not been reported.
The purpose of our work is to report the effect of the surface treatment by deposition and removal of SiO 2 layer on AlGaN/GaN HEMTs. We have fabricated AlGaN/GaN HEMTs employing the proposed treatment before the Schottky contact formation. The threshold voltages of conventional and proposed devices were almost identical, which implies that the deposited SiO 2 layer was completely eliminated and the unintended structure, such as metal-insulator-semiconductor (MIS) structure, was not formed. The proposed device decreased the leakage current more than 3-orders compared with that of conventional one and achieved the high breakdown voltage of 1300 V.
Fabrication
The device structure of proposed device is identical to that of conventional one. In the fabrication process of AlGaN/GaN HEMTs, the proposed treatment was performed between the ohmic contact and the Schottky contact formation as shown in Fig. 1 .
The AlGaN/GaN heterostructure was grown on 4H-SiC substrate. The nucleation layer was grown, followed by the 3 μm-thick Fe doped GaN layer as a buffer. The 30 nm-thick unintentionally doped (UID) Al 0.26 Ga 0.74 N layer and the 3 nm-thick UID GaN capping layer were grown in sequence. The mesa structure was performed for device isolation by dry etching and the depth is 140 nm. Ohmic contacts for source and drain, Ti/Al/Ni/Au (20/80/20/100 nm), were deposited using an e-gun evaporator and annealed at 870 o C for 30 sec under N 2 ambient. Schottky contact for gate, Ni/Au/Ni (50/250/50 nm), was formed by e-gun evaporation and lift-off process. In the case of proposed device, the 230 nm-thick SiO 2 layer was deposited by inductively coupled plasma chemical vapor deposition (ICP-CVD) after the ohmic contact formation. The ICP-CVD is well known to have the high-density remote plasma and reduce the plasma damage on the surface of semiconductor [9] . Then, the deposited SiO 2 layer was removed by 1:10 (HF:NH 4 F) diluted etchant.
Experimental Results
Sheet resistances of samples for the conventional and the proposed devices measured by transfer line method (TLM) are 430 Ω/□ and 445 Ω/□, respectively.
The surface treatment by deposition and removal of SiO 2 layer successfully improves the blocking characteristics of proposed device. As shown in Fig. 2 , the drain leakage current (V GS = -5 V and V DS =100 V) of proposed was 187.7 nA/mm while that of conventional one was 177.6 μA/mm. The leakage current of proposed HEMT was 3 orders less than that of conventional one. The transfer characteristics and the forward I-V characteristics of conventional and proposed device were shown in Fig. 4 and Fig. 5 . Forward DC characteristics of both devices were almost identical. Especially, the threshold voltage of proposed device was not shifted and it means that the undesired MIS structure was not formed in the proposed device.
Conclusion
We have fabricated AlGaN/GaN HEMTs employing surface treatment by deposition and removal of SiO 2 layer. The proposed device successfully suppresses the leakage current and increases the breakdown voltage without any sacrifice of forward DC characteristics. The leakage current and the breakdown voltage of proposed device were decreased by 3 orders and increased about 450 V compared with those of conventional one. 
